Purpose: To investigate the functional benefits and patient satisfaction with upper blepharoplasty in patients meeting the Danish visitation guidelines for upper blepharoplasty from the Danish Health and Medicines Authority (Sundhedsstyrelsen). Methods: Before and 3 months after upper blepharoplasty, the following investigations were made: (i) a standard eye examination, (ii) photographic documentation with a normal camera and the infrared camera of a Spectralis Optical Coherence Tomograph and (iii) measurements of the upper visual fields using the blepharoptosis test of Octopus 900. Along with the pre-and postoperative examinations, the patients completed a questionnaire concerning the functional and psychosocial impact of their eyelids. Results: Ninety eyelids of 45 patients were studied, 34 females and 11 males. The mean age was 56.9 years (SD: 12.8). The mean change in the distance between the upper eyelid skin fold and the visual axis or the marginal reflex distance (MRD), depending on which was lowest, was 1.6 mm (SD: 0.8 mm) for the right eyelids and 1.2 (SD: 0.9 mm) for the left eyelids. The mean improvement in the upper visual field was 31.3% points for the right eyelids (SD: 21.4% points) and 28.3% points for the left eyelids (SD: 24.9% points). A statistically significant correlation between the preoperative distance from skin fold to visual axis/MRD and the pre-and postoperative visual field was found. The patients reported an improvement in their symptoms postoperatively. All subjects were satisfied with the postoperative result and would undergo the surgery again if they had to make the choice again. Conclusion: Patients meeting the Danish visitation guidelines for upper blepharoplasty experience a measurable improvement in function and alleviation of symptoms after blepharoplasty.
Introduction
Due to finite resources and an everexpanding scope of healthcare technologies, it has become increasingly important to prioritize public health resources. To optimize the utilization of public health resources, it is essential to set efficient and effective criteria to ensure cost-effectiveness and optimal patient care.
In 2011, it was agreed, as part of the budget agreement between the Danish Regions and the Danish Government, to review the visitation guidelines on publically financed health care in areas where there had been a rapid growth in activity. One of those areas was the surgical removal of surplus skin of the upper eyelids (dermatochalasis). Upper blepharoplasty to remove dermatochalasis is the most common eyelid surgery in Denmark. In 2011, 27 775 patients underwent upper blepharoplasty because of dermatochalasis, an increase of 46% from 2001 (Sygehuse og Beredskab, Sundhedsstyrelsen 2012) .In 2012, the visitation guidelines for removal of surplus skin of the upper eyelids were published (Sygehuse og Beredskab, Sundhedsstyrelsen 2012). The guidelines were published by an advisory group at the behest of the Danish Health and Medicines Authority (Sundhedsstyrelsen). They were formulated based on the group's knowledge of the field but not on the basis of a systematic review of the literature in the field.
The visitation guidelines distinguish between whether dermatochalasis alone constitutes a cosmetic problem or whether it constitutes a functional problem with effect on the patient's visual fields.
To be considered a functional problem, where the operation is financed by public health resources, the patient must meet the distance criteria and the symptom criteria.
The distance criteria states that the distance between the upper eyelid rim/ the rim of surplus skin and the centre of the pupil should be 3 mm or less, when the patient's head is in normal anatomic position with relaxed facial and forehead muscles and when the patient's gaze is directed straight ahead.
The symptom criteria states that the patient must suffer from two or more of the listed symptoms, or have one symptom in a severe degree.
(1) Restricted visual field.
(2) Chin-up backward head tilt induced by visual field impairment caused by the eyelids (3) Pronounced heaviness of the eyelids. (4) Headache due to constant wrinkling of the forehead to lift the skin on the upper eyelids. (5) Irritation, itching, etc., as a result of skin changes in the skin fold.
The purpose of this study was to investigate the functional effects of upper blepharoplasty in order to gain a better understanding of the functional benefits of surgery. With this, we hope to contribute to more evidence based and individualized criteria for upper eyelid blepharoplasty in the future.
Patients and Methods

Study design
This is an observational cohort study. It was carried out in the Department of Ophthalmology, Sygehus Thy-Mors, Denmark, from March 2014 to March 2015. The study followed the tenets of the declaration of Helsinki and was approved by the Danish ethical comity, Region Nordjylland. Before subjects were enrolled, the project was registered in the ISR-CTN register, nr. CCT-NAPN 24318. Informed consent was obtained from the subjects after oral and written explanation of the nature of the study. Written informed consent was obtained from the patients for publication of any accompanying image.
Participants 60 patients meeting the Danish Visitation guidelines for upper blepharoplasty on a functional indication were included in the study. Patients were excluded if they were under 18 years of age, unable or unwilling to answer the questionnaires or attend the 3-month follow-up visit, had a visual acuity <0.5 measured with a Snellen chart or had confounding sources of visual field defects such as glaucoma, neurologic problems or blepharoptosis. These criteria resulted in the exclusion of one patient due to hemianopic visual field defect and eight patients due to blepharoptosis. A total of 45 patients completed the study. Four patients cancelled their operation due to other health issues and two patients were unable to attend the follow-up visit, but were satisfied with the operation, when asked over telephone.
Data collection
During the primary visit, all patients were asked about past medical and ocular history and underwent a standard eye examination including measurement of visual acuity using a Snellen chart, pupil examination, an external eye examination, motility examination, slit-lamp examination and indirect ophthalmoscopy. The external eye examination included measurement of the distance between the surplus upper eyelid skin fold and the visual axis or the marginal reflex distance (MRD), depending on which was lowest. In addition, measurements of the palpebral fissure height and measurement of the levator function were undertaken, and eyelid issues such as browptosis and blepharoptosis were also assessed. All measurements were performed with the patients looking straight ahead at the examiner, with relaxed facial and forehead muscles and their head in a normal anatomic position.
To obtain standardized photographic documentation, all patients were photographed using the infrared camera of a Spectralis Optical Coherence Tomograph (Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany), with a focus of 10D and a ruler held in front of them for later measurements (Fig. 1) .
The upper visual field was measured using the blepharoptosis test of Octopus 900. The test measures the upper visual field in 87 points extending 50°n asal 82°temporal and 60°superior using stimulus size Goldmann III with duration of 200 ms (Fig. 2) .
After the preoperative assessments, the patients completed a questionnaire concerning the functional and psychosocial impact of their eyelid position (Fig. S1 ). The items for the questionnaire were based on the symptom criteria in the Danish Visitation guidelines (Sygehuse og Beredskab, Sundhedsstyrelsen 2012) and other functional and psychosocial parameters chosen after reviewing several existing instruments (Battu et al. 1996; Smith et al. 2012) . The questionnaires were completed in the waiting area, where enough time was given to consider the answers.
Preoperatively in the operation room, a normal digital photograph was taken at 60 cm distance with a Canon IXUS 117 HS camera (Canon Inc., Tokyo, Japan). The upper blepharoplasty was carried out as described by Drolet & Sullivan (2014) and by Tyers & Collin (2008) . All patients were examined and operated by AGJ or JH.
At a 3-month follow-up visit, all examinations from the primary visit were repeated, along with the previously described photograph documentation. The patients completed a questionnaire similar to the preoperative questionnaire, supplemented with questions concerning patient satisfaction. The surgeon who performed the operation evaluated the surgical outcome using a five-step scale.
On the photographs taken with the infrared OCT camera, a single operator measured the distance between the middle of the margin of the surplus upper eyelid skin fold and the visual axis, or the MRD, depending on which was lowest.
Statistical analysis
Because of assumed intereye correlation between the right and left eyelids in each patient, right and left eyelids were separated in the calculations (Murdoch et al. 1998 ). Furthermore, we made calculations based on data from the worst eye in each patient.
The Pearson product-moment correlation coefficient was used to calculate the linear correlation between continuous data, and Kendall's tau was used to calculate the correlation between two variables when data on a ranking scale were involved.
Welch's two-sample t-test was used to compare female data with male data. Values of p < 0.05 were considered statistically significant.
Results
Ninety eyelids of 45 patients were studied, 34 females and 11 males. The mean age was 59.6 years (SD: 12.8 years). Descriptive statistics for the quantitative measurements are listed in Table 1 , and descriptive statistics for the qualitative measurements are illustrated in Fig. 3 .
Both the patients and the surgeon evaluated the surgical outcome according to a five-step scale (same grading scale as for patient satisfaction, Fig. 3 ). According to surgeon's evaluation, two patients had a fair result (i.e. grade 3), and the remaining patients had a good result (i.e. grade 2).
Female data and male data were compared using Welch's two-sample t-test and a null hypothesis of no true difference in means between females and males. The mean change in skin fold/MRD-visual axis for the worst eyes was 1.43 mm in the females and 2.09 mm in the males; when compared the p-value was 0.16. The mean change in visual field for the worst eyes was 35.5% points in the females and 30.9% points in the males, resulting in a p-value of 0.55.
The correlation between both quantitative and qualitative data is shown in Table 2a (continuous variables) and b (including rank scale variables). The linear correlation between the preoperative distance from the skin fold to the visual axis and the postoperative gain in visual field for the worst eyes is shown in Fig. 4 .
Discussion
Our study shows that patients with dermatochalasis meeting the Danish visitation guidelines for upper blepharoplasty experience a measurable improvement in function and alleviation in symptoms after removal of the surplus skin.
A report by the American Academy of ophthalmology (AAO) from 2011 (Cahill et al. 2011 ) concluded that upper blepharoplasty was functionally beneficial for following quantitative measurements: MRD ≤2 mm measured in primary gaze and superior visual field loss over 12°or 24%. The conclusion was drawn from 12 original reports concerning surgical treatment of ptosis and only one report concerning surgical treatment of upper eyelid dermatochalasis. The most striking difference between the AAO report and the Danish Visitation Guidelines is that the Danish Guidelines require a distance from the rim of surplus skin to the centre of the pupil or MRD of ≤3 mm instead of the 2 mm stated by the AAO report. The results of our study confirm that upper eyelid blepharoplasty is also functionally beneficial in patients with a distance from the rim of surplus skin to the centre of the pupil/MRD between 2 mm and 3 mm. It is furthermore important to mention that the AAO report uses MRD for both ptosis and dermatochalasis patients in their recommendations and that the Danish guidelines use either the MRD or the medial upper eyelid skin fold to pupil distance, depending on which is lowest. In our study, we only included dermatochalasis patients without ptosis.
After a systematic search, the only study we could find concerning visual field improvement after blepharoplasty for upper dermatochalasis was an investigation by Hacker & Hollsten (1992) . Based on 17 dermatochalasis patients (33 eyelids), the study documented a mean increase postoperatively in visual field of 26.2%. The improvement in visual field was most dramatic in patients whose MRD was <3.5 mm. Marginal reflex distance increased by a mean of 0.5 mm postoperatively. For comparison, we found a mean increase in visual field postoperative of 34.3% points for the worst eyes, and a mean increase in the distance from the skin fold/MRD to the visual axis of 1.59 mm. The study differs from our study by the fact that six of the 17 patients had a preoperative MRD over 3 mm, and by the fact that only the MRD was measured and not the lowest of either the MRD or the skin fold to the visual axis distance. If we take the different patient population and measurement method into account, we find that the data from Hacker and Hollsten's study corresponds well with our results. The symptomatic benefits of upper blepharoplasty were not studied in the above study.
A study by Harly & Collins (2008) investigated patient satisfaction after upper blepharoplasty. As in our study, all patients were satisfied with the postoperative result. Besides a study by Parbhu et al. (2011) , which looked at the patient experience right after upper blepharoplasty, we did not find investigations concerning improvement in symptoms after removal of surplus skin in dermatochalasis patients. In our study, the patients reported an improvement in all of their symptoms postoperatively. The symptom that improved the most after surgery was the sensation of heavy eyelids, which had a median score of 4/5 (usually) preoperatively versus 1/5 (never) postoperatively. Skin irritation also improved for the median of patients even though an operation can provoke this symptom (Parbhu et al. 2011 ).
We found a slight but statistically significant linear correlation between the preoperative distance from the skin fold to the visual axis and the preoperative visual field (p-value worst eyelids 0.0002, right eyelids 0.002, left eyelids 0.0004) as well as to the postoperative visual field (p-value worst eyelids 0.003, right eyelids 0.046, left eyelids 0.038) and the mean change in visual field (right eyelids 0.048, left eyelids 0.041).
In USA, the United Healthcare Medicare Reimbursement Policy (UnitedHealthcare, 2006) states that MRD should be <2.5 mm and that a difference of 12°or 30% or more superior visual field should be demonstrated between visual field testing before and after manual elevation of the eyelids, before a patient is eligible for reimbursement for upper blepharoplasty. In the corresponding Danish Visitation Guidelines for upper blepharoplasty (Sygehuse og Beredskab, Sundhedsstyrelsen 2012), there is only a distance criteria and no visual field criteria. Because of the statistically significant correlation between the preoperative distance from the skin fold to the visual axis and the measured visual field that we find in our study, we support the Danish guidelines in that the time-consuming visual field test is superfluous before a dermatochalasis operation.
We did not find a correlation between preoperative distance from the rim of surplus skin to the centre of the pupil/MRD and patient satisfaction with the operation; this is not surprising because all the patients were satisfied with the operation. As reported by Smith HB et al. 2 , patient benefit can be difficult to measure. The patients themselves can vary from one to another given apparently similar functional outcomes. The patients who report the greatest subjective preoperative functional impairment are the ones who derive the greatest quality-adjusted live years (QALY) improvements from surgery, rather than those with the greatest clinical impairment. Responses may owe as much to the personality of the respondent as to the effect of the procedure. Raschke et al. (2011) presented an objective photograph-assisted evaluation for preoperative planning and postoperative evaluation of blepharoplasties. Instead of using a digital photograph for evaluation, we used an infrared photograph taken by the Spectralis OCT. We found that the device offered a more standardized position and lightning of the patient than a digital photograph and that we could use the ruler in the software for the measurements. Because of these benefits, we can recommend this method, if there is free access to an OCT device. Freeman et al. (2007) conclude that every 10% decrease in visual field corresponds with an 8% increased risk of falling in adults above the age of 65. Older adults who fall are at greater risk of hospitalization, nursing home admission and premature death. Freemann et al. found that loss of peripheral vision was more highly associated with falls than visual acuity, contrast sensitivity, stereo acuity and central visual field loss. Superior visual field loss was just as important as inferior visual field loss. Other studies found that upper eyelid blepharoplasty increases contrast sensitivity and thereby functional visual acuity by changing corneal higher order aberrations and the degree of lash ptosis (Kim et al. 2013; Dogan et al. 2015) . When all is considered, an operation for dermatochalasis at the right time is functionally significant. Our study is limited by the unequal distribution between men and woman with two of three women and one of three men. This trend is also visible in previously published blepharoplasty studies. Although the mean change in skin fold/MRD to visual axis was greater in men than women 2.09 mm versus 1.43 mm for the worst eyelids, the mean change in visual field was greater in women than men 35.45% points versus 30.91% points. A study by Huijing et al. (2014) and a study by Hassanpour & Kermani (2016) showed a slightly greater tendency for browptosis after upper blepharoplasty in men than in women. Although this could explain a difference between men and women, our measurements did not show a statistically significant difference. We therefore conclude that the results are not biased by the gender distribution.
A second limitation is the fact that only one visual field measurement before and after blepharoplasty per patient was performed. We chose to do this because, from a cost-benefit point of view in a normal clinical setting, it is too expensive to make numerous visual field measurements compared to the costs of the surgery itself. In spite of this, the visual field tests before and after surgery did not vary much with regard to false-positive and false-negative failures.
Conclusion
In conclusion, patients meeting the Danish visitation guidelines for upper blepharoplasty experience a measurable improvement in function and symptoms when operated; and are generally very satisfied with the result of the operation. A statistically significant correlation between the preoperative distance from skin fold to visual axis and visual field exists which makes a preoperative visual field measurement redundant. From a financial point of view, this is not negligible. The Danish visitation guidelines give an acceptable number of criteria for preoperative evaluation, to help the surgeon exclude purely cosmetic indications.
